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Abstract

The purpose of this thesis research was to study the natural history of the
northern spring salamander Gyrinophilus p. porphyriticus in West Virginia. The
objectives of this study were to determine the· environmental characteristics of
the habitat of Gyrinophilus p. porphyriticus, to determine its reproductive biology,
and then examine non-reproductive aspects of the natural history of the species.
Study sites were located at the Westvaco Wildlife and Ecosystem Research
Forest (WWERF) in Randolph County, West Virginia. Four sites on three
streams were divided into two 25m transects. All sites were examined once each
month from August 1997 through November 1998 with the exception of January
and Febuary 1998 due to bad weather. I did not find any one significant
environmental factor to limit the distribution of the northern spring salamander.
There were differences among some sites for barometric pressure, pH, and
water temperature. Differences in stream depth and width were found among
some study areas. Larvae were observed in lower water depths when compared
to the average stream depths at each stream. No egg masses were found.
Metamorphosis occurred mostly in the summer based on larvae observed. Size
classes of larvae were hard to determine but could be as short as four years or
as long as seven years. Only one recapture out of 80 marked individuals were
observed. In June, a severe flood occurred on the WWERF in the middle of my
study that will be discussed in relation to my research since it may be an
important factor in the overall natural history.

-----1

Introduction
The northern spring salamander is one of the largest lung less
salamanders inhabiting boggy areas and streams throughout the Appalachian
Mountains. There are many questions and few studies about Gyrinophilus p.

porphyriticus as far as larval periods, breeding, metamorphosing, and other
natural history aspects. No natural history study of this species has been
undertaken in West Virginia.
The study was conducted at the Westvaco Wildlife and Ecosystem
Research Forest (WWERF) located in Randolph County, West Virginia (Fig.1 ).
Study sites were in the headwaters of several first-order streams that form
Middle Fork. Larger tributaries of Middle Fork in the WWERF are Kittle Creek,
Birch Fork and Rocky Run.
In July 1997, stream surveys were conducted throughout the WWERF to
locate study sites. Four stream sites were selected based on quality of habitat
and the occurrence of Gyrinophilus p. porphyriticus. The purpose of this study
was to determine the environmental requirements of the habitat of Gyrinophilus

p. porphyriticus, the reproductive biology of Gyrinophilus p. porphyriticus, and all
other aspects of it's natural history.

Site Descriptions
Site 1 is a first-order stream located on Kittle Creek 1.2 miles (1.93km)
south of its headwaters at an elevation of 2900 feet (884m) (Fig.2). It is located
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on a north-facing slope with an incline of 5°. Soil consists of sandstone with a
texture of silt loam, and silty clay loam. The stream here has an average depth
of 5.5 inches (13.9cm) and an average width of 2.8m (Table 1). The bank height
ranges from 3 inches to 4 feet (0.08m-1.22m) with an average height of 17.3
inches (44cm) (Table 2).
Substrate in the stream and along the bank consists of a sandy bottom
with several small rocks (less than 1Ocm) and large rocks (greater than 1Ocm) on
the banks and in the stream. Fallen tree branches, thick leaf litter, and scattered
rocks covered with moss and lichens line the banks. Species of trees around the
stream are typical of eastern mesic deciduous forest. Dominant tree species
along the stream are yellow birch (Betula lutea), red maples (Acer rubrum), red
oak (Quercus rubra), eastern hemlock (Tsuga canadensis), tulip-trees
(Liriodendron tulipifera), common witch-hazel (Hamamelis virginiana), American

beech (Fagus grandifolia), and cucumber magnolia (Magnolia acuminata) (Table
3) (Petrides 1986). B. lutea and L. tulipifera were the most prevalent species.
Ground cover plant species consisted mostly of grasses ( Carex sp.), clover
(Trifolium sp. }, and ferns (Dryopteris intermedia) and (Dennstaedia punctilobula)

(Strausbaugh and Core 1977).
Site 2 is located on the headwaters of Kittle Creek at an elevation of 3420
feet (1 043m) (Fig. 3). This is the only non-limed section of stream for my study
sites. It is a north-facing slope with an incline of 16°. The soil consists of
sandstone, siltstone, and shale with a texture of silt loam and silty clay loam.
The stream has an average depth of 2.2 inches (5.6cm) and an average width of

.....
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1.9m (Table 1). The bank height ranges from 10-30 feet (3.0m-9.1 m) with an
average height of 20 feet (6.1 m) (Table 2).
The substrate within the stream consists of a sandy bottom with large
moss-covered rocks (greater than 1Ocm) and logs. The bank has several
scattered large rocks and logs among thick leaf litter. There is a great diversity
of species of trees on this site which supports an eastern mixed mesic deciduous
forest. Tree species along the stream are striped maple (A. pensylvanicum),
black birch (B. lenta), black cherry (Prunus serafina), sugar maple (A.
saccharum), American basswood ( Tilia americana), American white birch (B.
papyrifera) H. virginiana, F. grandifolia, T. canadensis, B. lutea, and A. rubrum
(Table 3) (Petrides 1986). No tree species were more prevalent than any other
species. Ground cover plant species were Trifolium sp., D. intermedia, D.
punctilobula and violets (Viola sp. ).
Site 3 is a second-order stream on Rocky Run, located five miles
downstream from the headwaters at an elevation of 2630 feet (802m) (Fig. 4)
that has a north-facing slope with an incline of 3°. The soil consists of
sandstone, siltstone, and shale with a texture of silt loam, and silty clay loam.
The stream has an average depth of 6.1 inches (15.4cm) and an average width
of 5.3m (Table 1 ).The bank height ranges from 10 inches to 6 feet (0.2m-1.8m)
with an average height of 34 inches (0.9m) (Table 2).
Substrate in the stream has a gravel bottom with many different sizes of
rocks. The bank has several large rocks (greater than 1Ocm) with a thin leaf
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litter. Tree species along the stream are A. rubrum, T. canadensis, L. tulipifera,
M. acuminata, B. lenta, F. gradifolia, H. virginiana, B. lutea, and P. serotina

(Table 3). Fagus grandifolia is the most common species on this site. Plant
species for the ground cover vary consisting mostly of D. intermedia, and D.
punctilobula.

Site 4 is a second-order stream on Birch Fork 1.5 miles from its
headwaters at an elevation of 2890 feet (881 m) (Fig. 5). It is a north-facing slope
with an incline of 3°. The soil consists of sandstone with a silt loam and silty clay
loam texture. The stream has an average depth of 5.0 inches (12.8cm) and an
average width of 4.4m (Table 1). The bank height ranges from 2 inches to 3 feet
(.05m-.9m) with an average height of 18.6 inches (.47m) (Table 2).
The substrate is made up of a sandy bottom with several sizes of rocks.
As with other sites there are a variety of tree species. Species include mountain
laurel (Kalmia latifolia), B. lutea, A. rubrum, T. canadensis, L. tulipifera, F.
grandifolia, B. lenta, M. acuminate, and P. serotina (Table 3). Betula lutea is the

predominant tree at this site. Ground cover is mostly composed of scattered
areas of D. intermedia and D. punctilobula.

Description of Study Species
Gyrinophilus p. porphyriticus was described first by Green in 1827. The ·

type locality is French Creek near Meadville, Crawford County Pennsylvania
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(Mittleman 1942). Gyrinophilus p. porphyriticus is classified in the Kingdom
Animalia, Phylum Vertebrata, Class Amphibia, Subclass Lissamphibia, Order
Caudata, Family Plethodontidae, Genus Gyrinophilus, Species porphyriticus,
Subspecies porphyriticus.

Gyrinophilus p. porphyriticus is a stout-bodied lungless salamander that
ranges in length from 4.75"-7.5" (12.1-19cm) (Fig 6). The record size is 23.2 em
or just over 9 inches (Conant and Collins 1998). Its dorsal color varies from
brownish orange to salmon pink. Younger specimens have dark reticulations
which are carried over from the larval pattern (Green and Pauley 1987).
Reticulations can become indistinct and clouded in older individuals making
them appear dark purple. The ventral surface is a flesh pink color with
occasional gray flecks in older specimens.
A distinguishing characteristic is a light line extending from each eye to
the tip of the snout along a raised ridge called the canthus rostra lis which is
paralleled by a faint gray to bold black line below (Petranka 1998). Also a
knifelike keel extends dorsally along the distal third of the tail. There are 17
costal grooves (Green and Pauley 1987).
Larvae have long, truncated snouts and small eyes relative to their head
size. The dorsal color varies from light yellowish brown to light gray or lavender
and frequently has flecking or fine reticulations that are conspicuous on older
animals (Fig. 7). Larvae lack the obvious dorsal light spots present in many

Eurycea and Desmognathus species and the dorsal spots typical of Pseudotriton
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species (Petranka 1998). The larval period lasts 4-6 years before
metamorphosis occurs at a size range of 55-?0mm snout-to-vent length(SVL)
(Bruce 1980; Resetarits 1995).

Habitat and Habits
Gyrinophilus porphyrticus is morphologically well adapted for streams and

subterranean habitats and is found in cool springs, mountain streams, caves,
and boggy areas. It is found under logs, rocks, and damp leaves near streams. It
is very elusive and difficult to capture due to a network of subterranean networks
and slick skin secretions. It is rarely found far from water. Burton and Likens
(1975) noted G. p. porphyriticus made up 3.1 percent of the biomass in a forest
salamander community in New Hampshire.
The northern spring salamander feeds on a variety of organisms. Larvae
prey on aquatic species such as nymphs, crayfish, insect and salamander
larvae, and any other aquatic organism it can fit into its mouth (Petranka 1998).
Petranka also suggested that larvae use mechanoreception to locate prey, and
that they do not respond to dead prey. Adult G. p. porphyriticus feed on both
aquatic and terrestrial organisms. They are considered a salamander specialist
in some locations such as the North Carolina Mountains where 50 percent of
their diet consists of salamanders including their own kind (Bruce 1979).

Breeding
Little is known of breeding behaviors and studies to date have not shown
where in stream banks breeding occurs for the northern spring salamanders.
There have only been approximately 10 nests found and no direct observations
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of breeding have been observed in the field. Organ (1961) found two egg
masses consisting of 66 eggs and 41 eggs within a spruce-fir forest at Whitetop
Mountain, Grayson County, Virginia at an elevation of 5250 feet (1333m). One
egg mass was found on August 5, 1956 and the other egg mass was found on
July 14, 1958. Eggs were attached to the underside of large rocks with females
attending the nests. Bruce (1978) found an egg cluster of 24 eggs on July 13,
1974. Eggs were in a small rivulet just below a headwater spring at Alarka Creek
in the Cowee Mountains of North Carolina at an elevation of 1500m. Eggs with
the female underneath were attached individually to the underside of a rock
measuring 18x28x13 em. All above clusters were found in July and August
attached to the underside of rocks embedded in the banks of streams. Other
clusters have been found ranging from 20-100 eggs (Bishop 1941, Collazo and
Marks 1994).
Courtship in plethodontid salamanders such as G. porphyriticus consists
of a ritual of physical contact called the "tail-straddle walk." This behavior occurs
when a male moves forward so that the chin of the female rests on the back of
his tail. If the female does not shy away, the male will stop and deposit a
spermatophore. The female will then lower her cloaca over the spermatophore
and pick up the apical sperm cap in her cloaca (Beachy 1996). Most females
oviposit in the summer. Mature ova are light yellow, with a diameter of 3.54.0mm surrounded by three jelly coats (Bishop 1941; Bruce 1969, 1972). Nests
are attended by females. Collazo and Marks ( 1994) found that eggs hatch in
approximately 71 days. Size at hatching ranges from 11-14mm SVL and takes
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place in late summer or autumn (Bruce 1972,1978, 1980). Metamorphosis of
larvae occurs in 4-6 years with sexual maturity soon after (Bruce
1969, 1972, 1978, 1980; Resetarits 1995).

Range

Gyrinophilus p. porphyriticus ranges from southwestern Maine and
southern Quebec to northern Alabama, extreme northwestern Mississippi and
southwestern Ohio (Fig.S) (Conant and Collins 1998). It ranges throughout West
Virginia up to an elevation of 4,198 feet or 1279 meters (Pauley 1980). In its
total range, the altitude extends from 100-2000 meters (Petranka 1998).
There are two species of spring salamanders represented in West
Virginia (Fig. 9). One species is represented by two subspecies. These include

Gyrinophilus p. porphyriticus which occurs throughout most of the state and
Gyrinophilus p. duryi (Kentucky spring salamander) which is found in southern
West Virginia and Eastern Kentucky. Gyrinophi/us p. duryi is smaller and more
slender with distinct small dark spots (Green and Pauley 1987) than

Gyrinophilus p. porphyriticus. Four subspecies of G. porphyritic us are currently
recognized in the United States (Brandon 1966).
The second species in West Virginia is Gyrinophilus subterraneous (West
Virginia Spring salamander) Howard et. al.(1984). This species is only known to
occur in General Davis Cave in Greenbrier County (Green and Pauley 1987).
Present distribution of Gyrinophilus porphyriticus was largely determined by
climatic events during and after southward extensions of polar ice during the
Pleistocene (Brandon 1966).
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Community Ecology
The northern spring salamander is sympatric with many other species of
salamanders and is considered a top predator in small stream communities
(Resetarits 1991 ). Other species of salamanders found with G. p. porphyriticus in
my study sites are the seal salamander (Desmognathus montico/a), northern
dusky salamander (D. f. fuscus}, mountain dusky salamander (0. ochrophaeus),
northern two-lined salamander (Eurycea bislineata), red-spotted newt "eft stage''
(Notophthalmus v. viridescens), redbacked salamander (Piethodon cinereus},

slimy salamander (P. glutinosus), and Wehrle's salamander (P. wehrlei).
All of these species are smaller than the northern spring salamander and
may be prey items of Gyrinophilus p. porphyriticus. Gustafson and Beachy
(1994) found that E. bislineata had a lower survival rate and were less active in
the presence of G. p. porphyriticus. Gustafson (1993) also found reduced growth
among Pseudotriton species in the presence of G. p. porphyriticus. Formanowicz
and Brodie (1993) noted small D. ochrophaeus were vulnerable to predation by
spring salamanders, and this may alter their microhabitats. Gyrinophilus p.
porphyriticus were found to be more effective and efficient predators compared

with other species of salamanders (Formanowicz and Brodie 1993; Beachy
1994).
Gyrinophilus p. porphyriticus is prey to several predators. Uhler et al.

(1939) found that spring salamanders are occasionally eaten by northern water
snakes (Nerodia sipedon) and common garter snakes (Thamnophis sirtalis).
Brodie et al. (1979) observed that adult G. p. porphyriticus produce noxious skin
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secretions that repel shrews. The bright colors of the spring salamanders are
associated with noxious tastes representing Mullerian mimicry (Petranka 1998).
Resetarits ( 1991, 1995) found that brook trout (Salve/in us) populations greatly
reduced the number of spring salamander larvae when the species are
sympatric.

Materials and Methods
The four study sites were monitored monthly from August 1997 through
November 1998 with the exceptions of January and February (due to inclimate
weather conditions) during the day and at night. Each site was divided into two25 meter transects that were separated by a 25 meter gap. Each 25 meter
section was subdivided into an aquatic area and a terrestrial area. Two sites
were on first-order streams (Kittle Creek and Kittle Headwaters) and two sites
were on second-order streams (Rocky Run and Birch Fork)
The aquatic area was defined as that area within the water of the stream.
The terrestrial area was defined as that area from the edge of the water to 5
meters onto land. Both aquatic and terrestrial areas were searched for oneperson hour for a combined 2-hour search on each site. The time required to
record data of each spring salamander was considered part of the 2-hour time
limit. Therefore, there was always a 2-hour search per site. Night searches on
the sites were not based on a specific time limit but on how long it would take to
thoroughly cover the site area.
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Site description stream bank height, stream depth, stream width, slope
and elevation were measured. Bank height was measured in November 1998
when stream depth fluctuations were more stable. Stream depth and width were
measured monthly from March 1998 through November 1998 with a tape
measure. The depth and width readings were taken in the middle and the two
ends of each 25m transect. Since stream depth is so variable, three
measurements were taken for each section of the 25m transect. Slope was
measured with a Suunto Clinometer. Elevation was measured with a Barigo
Altimeter.
Salamanders were captured during the day by removing cover objects
and on night surveys with an aquarium net or a 0-framed dip net. Flashlights
were used for night surveys to observe salamander surface activity. Size
category (larvae,juvenile,adult) and location (aquatic area or terrestrial area)
were recorded for all species observed.
Each spring salamander captured was measured for SVL (measured to
the posterior end of the vent) and total length (TL) to the nearest 0.1 mm with a
Spi 2000 dial Vernier caliper. They were also weighed with a 5,1 0, or 30 gram
Pesola scale. Each specimen was toe clipped with a nail clipper according to the
Hero (1989) toe-clipping system (Heyer et al. 1994).
Adult spring salamanders that were observed on land, were measured
from the edge of the stream to see how far they were from the waters edge.
Depth of water where larvae were captured was also recorded. All substrates
where spring salamanders were found were recorded and length and width
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measurements of the cover objects were taken. Statistical significance of
environmental parameters between study sites was determined using One - way
ANOVA (Sigma Stat version 2, 1997).
Specimens taken and used for food and reproductive analysis were from
different parts of the same four study site streams. The other stream areas were
at least 200m upstream or downstream from the four study sites so monthly
monitoring was not interfered. All measurements taken on the four study sites
were also taken on the other areas of the streams. Different areas of Birch Fork,
Kittle Creek, and Rocky Run were used in order not to interfere with the mark
recapture and life history studies.
Adult G. porphyriticus taken from different areas of the stream from March
through August 1998 were anesthetized in warm water (35°C) and then
preserved in 10 percent formalin and returned to the lab for food and
reproductive analysis. Specimens were preserved within 1 to 3 hours after
capture. Follicles were counted and weighed to determine sexual maturity.
Spermatogenic waves were performed to determine time of spermatophore
deposition. Testes and vas deferentia were placed on a microscope slide,
stained with Wright's solution and then observed under a compound microscope
(40X) for spermatozoa (Canterbury and Pauley 1994).
All insects were identified using Borror et al. ( 1992) and Merrit and
Cummins (1996). Food analysis was completed in several ways.
Metamorphosed specimens caught for reproduction purposes were also
examined for food analysis. Food contents were examined with a dissecting
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temperature (°C), water pH, dissolved oxygen (mg/1), and barometric pressure
(mb). Relative humidity (0/o) was taken only on the night surveys since this is a
critical factor for salamander night surface activity. During the day relative
humidity was not nearly as important for salamander activity and therefore not
taken. In addition, air and water temperatures were recorded at night. All
environmental parameters were measured at the beginning, middle, and end of
each 25m transect. Air temperature was taken with reotemp thermometers at the
edge of the stream. Water temperature was taken with Lamotte armored
thermometers, pH with a pHTestr 2 and 3 with ATC, and dissolved oxygen was
measured with a Hach kit and YSI oxygen probes. Barometric pressure was
measured with a hand held barometer and relative humidity with a Pocket HygroThermometer by Extech instruments.

Salamander Abundance
Abundance of each species was examined in relation to the presence of

Gyrinophilus p. porphyriticus. All salamanders observed in the four study sites
were recorded by species and location. Only spring salamanders were
measured for SVL, TL, weight and toe clipped for mark recapture purposes. All
sites were checked during the day and night every month between 8:00a.m. to
1 :OOa.m. Sites were always checked at different times each month so there was
no bias for one particular study site at a certain time. Each 25m transect was
searched for a one-person hour. If a spring salamander was captured, time was
adjusted based on how long it took to measure the species. Other species of
salamanders were identified and noted by habitat, i.e., terrestrial or aquatic.

_ _ _ Eb
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During night surveys a flashlight was used to observe salamander surface
activity. No cover objects were turned unless a salamander was observed
underneath. Statistical analysis consisted of One-way ANOVA (sigma stat).

Flood
Data collected from August through November 1997 were compared to
August through November 1998 to determine impacts the June flood may have
had on the salamander community. Environmental factors observed were air and
water temperature and pH. Also salamander abundance and diversity among the
sites was examined. Significant differences were tested with One-way AN OVA.

Results
Physical features of study sites:
Site 1 (Kittle Creek)
The mean bank height of Kittle Creek (0.44m) was the smallest among all
the sites (Table 2). Stream depth varied (8.21 cm-19.61cm) by month but had a
mean of 13.8cm (Table 4). Stream width also varied (2.32m-3.25m) by month
with a mean of 2.8m (Table 5). The first 25m transect had an average depth and
width of 9.7cm and 3.1 m. The second 25 meter transect had an average depth
and width of 18.0cm and 2.6m (Table 1). Tree species consisted mostly of F.

grandifolia and Betula lutea.

Site 2 (Kittle Creek Headwaters)
Mean bank height at this site was 6.1 m. This was the highest bank
among all sites (Table 2). Stream depth was the shallowest of all sites with a
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mean of 5.6cm (Table 4). Stream width was the narrowest among all sites with a
mean of 1.9m (Table 5). The first 25m transect had an average depth of 6.4cm
and width of 2.1 m. The second 25m transect had an average depth of 4. 70cm
and width of 1.7m (Table 1). The diversity of tree species on this site was higher
than any other site with the only A. pensylvanicum, A. saccharum, and T.
americana observed. All other tree species were about equal in occurrence

compared with other sites (Table 3).

Site 3 (Rocky Run)
The mean bank height was 0.9m (Table 2). Stream depth varied (7.5cm42.9cm) with a mean of 15.4cm which is the deepest of all the streams. The
stream width had the largest mean at 5.3m. The first 25m transect had an
average depth and width of 16.2cm and 6. Om. The second 25m transect had an
average depth and width of 16.2cm and 6.0m (Table 1). Tree species were
similar to the other areas although F. grandifo/ia and T. canadensis were more
prevalent on this site (Table 3).

Site 4 (Birch Fork)
The mean bank height was 0.47m (Table 2). Stream depth varied (5.3cm23.4cm) with a mean of 12.9cm and a stream width of 4.4m. The first 25m
transect had an average depth and width of 12.3cm and 4.0m. The second 25m
transect had an average depth and width of 13.3cm and 4.8m (Table 1 ). Tree
species were similar to other sites except K. latifolia species was found on this
site and B. lutea was the predominant species (Table 3).
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Spring Salamander cover objects and site selection
All metamorphosed spring salamanders were found under rocks since
rocks were the most common available cover object in the streams. Eighty-eight
percent of the larvae were found under rocks and 12 percent were found under
logs, leaf litter, or in open pools. The mean area for all cover objects was
determined by multiplying lengths and widths of each substrate, and computing
the meter squared area for each cover object. Mean area for metamorphosed
spring salamander cover objects was 54.9 inches (1.39m 2 ). The mean area of a
substrate for larvae was 48 inches (1.22m2 ).
The average distance metamorphosed spring salamanders were
observed from the edge of the water was 0.44m. Fifty-four percent of the
metamorphosed spring salamanders were in the terrestrial areas while 46
percent of the metamorphosed spring salamanders were in aquatic areas.
Comparisons between all sites showed larvae were observed an average depth
of 2.3 inches (5.79cm). Three larvae (4.3°/o) were viewed in the terrestrial areas
under rock substrates with small pools of moisture underneath.

Statistical analysis
Significance of difference between means was tested by One-way
AN OVA and t-tests. There were significant differences (p=<0.001} between the
water depth of the sites on Rocky Run and Kittle headwaters, Kittle Creek and
Kittle headwaters, and Birch Fork and Kittle headwaters (Table 6). Significant
differences (p=<0.001) existed in stream width between all sites except between
Birch Fork and Rocky Run (Table 7). When all first and second 25m transects of

--~-
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each site were compared for stream depth and width only Kittle Creek showed
significant differences between the first and second 25m transect. Significant
differences in stream depth (p=0.007) and stream width (p=0.013) were
observed (Table 8). Significant differences in bank height (p=0.009) existed
between Kittle headwaters and Birch Fork and Kittle headwaters and Kittle
Creek (Table 9).
There was a significant difference between the water depth of larvae
relative to the average water depth of th.e stream. Larvae were at significantly
lower water depths compared with the mean water depths on Kittle Creek
(p=<0.001 ), Rocky Run (p=<0.001) and Birch Fork (p=0.002) (Table 10). No
significant differences were found when the mean areas of cover objects were
compared between larvae versus metamorphosed spring salamanders
(p=0.133).

Life history
The smallest larva had a SVL of 18.5mm, a total length of 32.2mm and
weighed 0.2g. The largest larva had an SVL of 64.8mm, a total length of
1 05.8mm and weighed 5.1g. The smallest metamorphosed individual had an
SVL of 62.9mm, a total length of 112.8mm and weighed 5.1 g. The largest
metamorphosed individual had a SVL of 100. 7mm, a total length of 172mm and
weighed 16.5g. Only one larva had characteristics of transforming to an adult
observed at a SVL of 56.1 mm and a total length 87.1 mm (the tail was broken).
This specimen was observed on August 10, 1997 on Kittle Creek.
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Gyrinophilus p. porphyriticus egg masses were not found at any study site
or other stream area. Nine adults, five females and four males, were taken for
reproductive analysis. Four of the five females were immature based on nonyolked oocytes and small unconsolidated narrow oviducts. The one mature
female was non-gravid and had follicles less than 2.0mm in diameter. One
gravid female was observed on September 26, 1997 in Birch Fork but not
collected since she was in the mark recapture study area.
Two of the four males were considered mature based on larger darker
testes and convoluted vasa deferentia. Immature males were designated by
narrow and unpigmented testes and if the vasa deferentia were straight, thin,
and unpigmented. Males were considered non breeding based on no visible
sperm in the vasa deferentia (Bruce 1972, 1978).
Twelve prey taxa were viewed in the food analysis of gut contents of
larvae and metamorphosed spring salamanders (Table 11 ). Plecoptera was the
most common prey item in larvae stomachs, comprising over 40 percent of the
stomachs. In metamorphosed individuals, no one item was more abundant than
another.
There are differences in the seasonal food contents of larvae. In the
spring (March - June 21, 1998), the greatest variety of food was eaten (Fig. 10).
Plecoptera nymphs were the most common prey item in the spring. Summer
(June 22 - September 1, 1998) was the only season that crayfish ( Cambarus)
was in the food contents of larvae. Lepidopteran caterpillars were only in larvae
food contents in the fall (September 2 - December 1998). Change in diet by
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season appears to be based on the most common food item available. Prey
item, total volume of prey, and the number of stomachs prey are observed in are
listed in Table 12. Plecopteran nymphs made up over 50 percent of the prey
observed in larvae stomachs. Lepidopteran caterpillars made up almost 75
percent of the prey volume in the spring salamander stomachs.

Environmental
Environmental Statistical analysis
Monthly and mean values for air and water temperature, pH, dissolved
oxygen, barometric pressure, relative humidity, and night survey air and water
temperature are found in tables 13-20. Air temperature (p= 0.943), dissolved
oxygen(p=0.727), relative humidity (p=0.294 ), and air temperature on night
surveys (p=0.930) were not significantly different among the sites. All sites
except between Kittle Creek and Birch Fork had significantly different (p=<0.001)
pH values (Table 21 ). There was a significant difference (p=0.013) between
Birch Fork and Kittle Headwaters for water temperature (Table 22). Barometric
pressure was significantly different (p=<0.001) between Kittle headwaters and
Rocky Run and between Kittle Headwaters and Birch Fork (Table 23). For night
surveys the only significant difference was water temperature (p=0.027) between
Kittle Headwaters and Birch Fork (Table 24). Statistical analysis was done by
One-way ANOVA.

Salamander Abundance
Ninety-five G. porphyriticus were found on all sites. Sixty-nine (72. 6°/o)
were larvae and 26 (27.4°/o) were metamorphosed individuals (Table 25). Kittle
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Creek had the most spring salamanders with 31 (32.6°h) and eight of them were
metamorphosed adults. Twenty-eight (29.5°/o) were observed in the headwaters
of Kittle Creek and eight were adults. Rocky Run had the fewest spring
salamanders with nine (only one of them an adult). Birch Fork had 27 (28.4°/o)
with the most adults among the sites at nine.
Spring salamanders made up 95 (17.6°/o) of the 539 salamanders found
on all sites. Besides G. p. porphyriticus, seven other species of salamanders
were observed on the sites. These included 157 (29.1 %) D. ochrophaeus, 133

(24. 7°/o) E. bislineata, 94 (17.4%) D. montico/a, 51 (9.5%) D. f. fuscus, 5 (9°/o) N.

viridescens, 3 (0.6°/o) P. cinereus, and 1 (0.2%>) P. glutinosus (Table 26). Of the
539 salamanders observed, 346 (64.2%) were found in the terrestrial areas and
193 (35.8%) were found in the aquatic areas. Only eight salamanders were

found during night surveys (Table 27). Species of salamanders per site are
found in tables 28-31.
There was only one recapture out of all the spring salamanders found in
the study sites. This one individual was an adult captured during a night survey
at Kittle Headwaters. The individual should be counted as a recapture with
caution because it was found five hours earlier during the day search. The
salamander may have been disturbed due to previous handling and
measurements. It was only two feet from the previous area were it was released
and it was only re-captured this one time.
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Salamander Abundance statistical analysis
There was no significant difference between the number of Gyrinophilus
p. porphyriticus found per site using a One-way AN OVA. However, the total

number per site at Rocky Run is much lower than at the other sites. There was a
significant difference (p=0.003) among the total number of salamanders seen
between the sites of Birch Fork and Rocky Run and Kittle Creek and Rocky Run.
In both cases, Rocky Run had significantly lower numbers (Table 32). There was
a significant difference (p=<0.001) among E. bislineata in Kittle Creek and Rocky
Run, Kittle Creek and Kittle Headwaters, Birch Fork and Rocky Run, and Birch
Fork and Kittle Headwaters (Table 33). There was a significant difference
(p=<0.001) in the number of D. monticola found between Kittle Creek and Rocky
Run (Table 34 ). All above tests were examined with One-way AN OVA.

Flood
In the middle of June 1998 a flood occurred in the WWERF. There was a
major flood that changed the structures of the streams and surrounding habitats
on all four of the study sites. Since the flood took place halfway through my
study, I present pre and post flood data. Several changes in the streams were
observed as a result of a flood that occurred (Fig. 11-14). Small saplings, ferns,
and leaf litter were mostly washed away with sand build up on the banks. Large
rocks (greater than 50cm long) along the banks were washed out and in most
cases moved downstream and were replaced with other large rocks from
upstream. Mosses on the rocks in the Kittle headwaters were washed away. On
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Figure 12. Pictures of Kittle headwaters study site before and after June flood
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several sections of the study streams, rocks, logs, and the debris were piled up
in some sections. Streams such as Kittle Creek and Rocky Run were dug out in
sections where the water was re-channeled from its original form. The depth at
Rocky Run was greater after the flood since the stream bed was dug out and rechanneled to the west side of the bank (Fig. 15). The second 25m transect
section of Kittle Creek dropped three feet from original height and was deeper
due to rocks and sediment being washed away. Rocky Run cut more into the
west side and was re-channeled at least 0. 3m making the stream narrower
(Fig. 16). While Birch Fork and Kittle Headwaters stayed relatively stable, after
the flood stream depth and width along with the other stream sites fluctuated
greatly.
One-hundred and seventeen salamanders (20 spring salamanders) were
found from August through November 1997 (Table 35). Two-hunderd and ten
salamanders (25 spring salamanders) were observed from the months of August
through November 1998 (Table 36). Eurycea bislineata and D. f. fuscus
abundance was relatively the same before and after the flood. However, only 12
D. monticola were seen before the flood versus 41 after the flood. For D.
ochrophaeus abundance, only 24 were seen before the flood and 72 were found

after the flood.

Flood Statistical Analysis
There were no significant differences (p=.074) using at-test between
abundance of salamanders before or after the flood although twice as many
salamanders were seen after the flood. There were significant differences in the
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environmental parameters of air temperature and pH among certain sites. No
significant differences were found in water temperatures. The significant
differences in air temperature were on Kittle headwaters (p=0.046) and Birch
Fork (p=0.039). The air temperature was cooler from August through November
1998. The significant differences in pH were on Kittle Creek (p=<0.001) and
Kittle Headwaters (p=0.003). The pH values were higher from August through
November 1997.

Discussion
Study Sites

Each stream has a different water depth. Turner (1997) suggested that
aquatic communities could be affected differently based on different depths of
streams. Photosynthesis rates could be different which can disrupt growth
patterns of aquatic plants and alter benthic insect communities, which affect the
food web of a stream. Larval spring salamanders are the second largest aquatic
predators next to brook trout (Salve/in us fontinalis) on my study sites. Any shift in
the food availability to spring salamanders could have consequences of higher
competition with top predators such as trout.
Resetarits (1991, 1995) conducted several studies that demonstrated the
effects of S. fontinalis on G. porphyriticus. He examined several streams in the
Virginia mountains to compare the natural interactions between these two
species. He did comparisons of streams with just G. porphyriticus and streams
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with both brook trout and spring salamanders. Gyrinophilus porphyriticus
appeared larger and healthier when alone than in the presence of trout.
Resetarits (1991, 1995) found that S. fontinalis can cause 100 percent
mortality of G. porphyriticus in some streams. Gyrinophilus porphyriticus are
more concentrated in shallower parts of the stream. This could explain why
larvae were in shallower areas in the streams compared to the average stream
depth in my study. The only site that did not have a significant difference
between larvae depth and the mean stream depth was Kittle headwaters. This
was also the only stream site without trout.
Resetarits (1991, 1995) noted that spring salamanders that survived in
the presence of S. fontinalis had significantly lower weight and growth gains
compared with spring salamanders that were not in the presence of trout. This
suggested that G. porphyriticus metamorphose more quickly in the presence of
trout. On my study sites, the only larva with physical characteristics of
metamorphosing had an SVL of 56.1 mm in a stream with trout. In Kittle
headwaters with no trout, larvae were as large as 64.8mm SVL with no signs of
metamorphosis.
Southerland ( 1986) found habitat differences along mountain streams
were important to determine the structure of salamander communities because
they can moderate the effects of predation. Habitat differences could also
influence brook trout abundance and therefore affect the spring salamander
population.

jiiiii"'
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Metamorphosed spring salamanders were observed at an average of only
0.44m from the bank or in the stream at all the study sites. This demonstrates
the semi-aquatic nature of G. porphyriticus. Competition among other
salamanders and or predators may also be a problem when they move away
from cover objects associated with the streams. Substrate cover was low with no
rocks and few logs 1m away from the edge of the water. Food items preyed upon
by spring salamanders on my study sites were species closely related to stream
habitats. This is an important relationship between the close association of
spring salamanders to the stream.
Substrates among the sites were varied. Rocks were the most common
substrate followed by logs and leaf litter. Davie and Orr (1987) determined that if
there were a greater abundance of cover objects, more salamanders per square
meter would be present due to less competition for cover objects.
Life History
I found immature females from March through July with an SVL range of
64.5-71.0mm. The only mature female that was not gravid had an SVL of
96.2mm (late March). The largest follicle size of the female was 0.8mm
suggesting it would not be gravid until fall. The only gravid female was observed
in late September with a 96.1 mm SVL. This could suggest that eggs are
oviposited in late fall or early spring.
Bruce (1969, 1972) noticed mature females at an SVL as small as 58mm,
in the mountains of North Carolina. All females were observed from early autumn
to late spring suggesting that they become mature after metamorphosis takes
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place or within a year. If SVL length of adults was not larger than the largest
larvae, maturity of metamorphosed salamanders was delayed up to one year. He
noticed gravid and non-gravid females in every season. He also noted that there
were varying sizes with SVL's up to 86mm.
Bruce (1972) stated that a meiotic wave of sperm in males is initiated at
the beginning of the summer. He based this conclusion on the presence of
sperm in the vasa deferentia from October through July. This is an indication of
a potentially lengthy breeding season. This is the case on the WWERF based
on spermatogenic waves. Unfortunately, due to the secretive life history of
spring salamanders only four males and five females were inspected for
reproduction. The mature males were observed in July with sperm in the
posterior parts of the testis. Based on a meiotic wave of sperm, males would be
ready to breed in the fall. The only gravid female was found in late September.
This indicates a fall breeding period at the WWERF.
Egg masses were not found on the WWERF. Approximately 10 nests
have ever been reported. The flood in June may have destroyed many egg
masses. Bruce (1978) found his first nest 25cm below the stream surface in July
after 12 years of heavy searching. Most nest records are from the summer
months. Collazo and Marks (1994) determined that it takes 71 days for spring
salamander eggs to hatch in a laboratory environment. If hatching occurs in late
summer or early fall, ovipositing probably occurs from late May to early July.
This places egg masses at my study site in jeopardy of the June flood. Egg
masses have been found as early as May in New York and as late as October
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22"d on Mt. Mitchell (Bishop 1941 ). There is a great variation in the breeding
seasons, sexual maturity, and oviposition periods. This variation creates the
difficulty in the ability to determine exact times of reproduction.
Along with difficulty to find egg masses, larvae age classes and
metamorphosing periods are difficult to determine. In my study, the only larvae
with metamorphosing characteristics was (SVL of 56.1 mm) found in August. This
suggests that metamorphosis occurs in the summer. Bishop (1941) reported
metamorphosing individuals from March-September in New York that indicated
larvae transform throughout the year. Bruce (1978) found metamorphosing
larvae in July and August with an SVL range of 59-70mm. The largest larvae in
my study had an SVL of 64.8mm observed in September and had no signs of
metamorphosing. Metamorphosed individuals have been found that are smaller
in SVL than the largest larvae. This suggests that larvae transform at different
sizes. Bruce (1978) noted that different metamorphosing sizes and maturity
sizes are found on different mountains. He observed larger spring salamanders
metamorphosing at higher elevations when compared to lower elevations. Since
there is such a variation of sizes at the time of metamorphosis and different
growth rates, it is difficult to determine size classes.
There is discrepancy when determining the length of the larval period of
spring salamanders. Bishop (1941) estimated a 3-year larval period based on
total length measurements. Organ (1961) concluded larval growth in the Virginia
mountains to be slow, especially through the first winter. Organ's conclusions
suggested that the length of the larval period may be 6-12 months longer than
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what Bishop found. Bruce (1972, 1978, 1980) concluded a larval period from 3-5
years. Bruce (1980) found that size-distributions may be useful in determining
the length of the larval period. In his studies individual samples and small and
irregular distributions of samples from the same months of different years, plus
regular progression in body lengths found in successive samples, give credence
to his hypothesis.
Bruce ( 1978) found that the one method to test the above hypothesis is
by a mark-release-recapture study of individual larvae. This is one reason I did
a mark-recapture study. Unfortunately no larvae were recaptured in 14 months.
This can be due to stream drift, secretcy of larvae in hard to reach areas, and
natural disasters. Many years would be needed for a mark-recapture study with
larger transects to cover larger sections of streams. I cannot use the study by
Bruce to determine larval periods in my study.
I can determine the larvae periods based on a study by Resetarits (1995).
He observed larvae growing 7.97mm per year and that the larval period could
last up to 6 years. A break down of size classes on my study sites based on a
hatching size of 13mm SVL is found in table 36. Size classes observed in my
study would indicate a six and possibly seven-year larval period. The number of
larvae observed in the first age class was small because it is difficult to observe
young larvae since they stay near the area where they were born (Bruce 1978).
The seventh age class is small due to most larvae transforming earlier. Bishop
(1941 ), Organ (1961 ), Bruce (1972, 1978, 1980) observed varying growth of
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larvae, especially in the first year of development. Bruce (1978) noticed that
there were a wide range of body sizes which suggests the presence of several
year classes. The lack of discontinuities in size distributions indicate the
identification of age classes is hard to determine when dealing with varying
growth rates of larval ambhibians.
Wake (1966) indicated that life history adaptations of G. porphyriticus
may be strongly directed toward minimizing the losses for predation by existing
in habitats where few salamanders live. Predation has a selectively neutral
influence on age and transformation. Size distributions appear to indicate the
number of years until transformation but can not be determined even with larger
sample sizes. This is because the variable growth rates make it difficult to place
larvae into size/age classes.
In my study, larvae ranged in size from 18.5-64.8mm. Different sizes were
noticed at all periods of the year (Fig. 17). If there are various sizes of larvae on
the WWERF, there may be a seven year larval period. If growth is 7.97mm/yr
according to Resetarits (1995), larvae metamorphose in six or seven years on
my sites Analysis of food contents of spring salamanders has shown interesting
results when compared to previous studies. In my study, plecopterans were the
most common food item observed in the larvae. Nymphs were also eaten by
adults along with other aquatic invertebrates such as trichopterans This
indicated a semi-aquatic habitat. Only 2 salamanders were eaten by spring
salamanders. One E. bislineata by a larvae and a D. ochrophaeus juvenile by an
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adult. This indicates a high food availability since there was not pressure to feed
on other salamander species. Bruce ( 1979) conducted food analysis of G.
porphyriticus at Wolf Creek in the North Carolina mountains. He observed an

ecological change in feeding habits at the time of metamorphosis of G.
porphyriticus. He found larvae fed largely on aquatic invertebrates and

salamanders (mainly small larvae of E. bislineata) comprised 10-15 percent of
the diet. Plecopteran nymphs were the most common invertebrate eaten.
Metamorphosed G. porphyriticus fed heavily (47°/o of diet) on adults of other
species of salamanders such as D. ochrophaeus and E. bis/ineata. In previous
studies, Bruce (1972) found that over 50 percent of the diet of metamorphosed
individuals was salamanders.
In G. porphyriticus populations of the Northeastern United States,
salamanders were taken for a food item less frequently (Bishop 1941; Burton
1976). Bruce (1979) hypothesized metamorphosed individuals are feeding
specialists and they concentrate on the abundant resource such as other
salamanders. He viewed that the narrow metamorphic size range of G.
porphyriticus may represent an adaptive optimum for switching from generalized

feeding on small prey to specialization on large items.
Burton (1976) noted G. porphyriticus metamorphosed individuals fed
mostly on terrestrial prey (Coleoptera and Homoptera) while larvae ate primarily
aquatic predators (96% ). Little competition exists between larvae and
metamorphosed individuals. Burton (1976) also noted metamorphosed G.
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porphyriticus did not prey on salamanders. In my study, the presence of aquatic
invertebrates was observed in both life history stages.
Marcum (1994), in a study at the Fernow Experimental Forest in West
Virginia, noted plecopteran nymphs were the major prey item of G. p.

porphyriticus larvae especially in the spring. He found that ephemeropteran
nymphs (mayflies) and salamanders made up the next most common food items.
In my study, ephemeropteran nymphs were not found as food items and only one
salamander was preyed upon. Adult and larval G. porphyriticus are euryphagic
predators and apparently eat any organism they can catch in the proper size
class. However, in my study the largest prey in terms of size and volume were
eaten by larvae instead of adults.

Environmental
Amphibians like G. porphyriticus are good indicators of environmental
changes because they have complex life cycles (aquatic and terrestrial), intense
intra and interspecific competition for resources, permeable eggs, gills and skin,
trophic cycling in ecosystems, and poikilothermy (Dunson et al. 1992). Weather
data are critical in amphibian studies due to the dependency on moisture for the
exchange of respiratory gases through their skin. Temperature is critical to
amphibians due to significant influences in amphibian development and growth
and often controls reproductive cycles and behavior particularly for temperate
zone species (Heyer et al. 1994). Moisture and temperature influence amphibian
distributions, feeding, migration, and reproduction. These factors are critical to
the health of a sa1amander population. Spring salamanders which lack lungs
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may be unable to maintain high rates of oxygen uptake at high temperatures and
large body sizes. As a result they inhabit higher elevations of the Appalachian
mountains where the temperatures are cooler (Feder 1983). However there were
no significant differences between air temperature on my sites. There were
significant differences in water temperature between Birch Fork and Kittle
Headwaters but the numbers of spring salamanders were the same.
The amount of moisture in the air strongly affects distribution and activity
patterns (Heyer et al. 1994 ). No significant differences were found among sites
for relative humidity. Dissolved oxygen may also be an important factor
associated with the survival of salamander larvae. Larvae have external gills
used to directly take oxygen from the water. Higher dissolved oxygen values in
an aquatic system enables organisms to meet oxygen demands easier with less
stress (Duell man and Trubb 1986). No significant differences in dissolved
oxygen were observed between sites.
Many environmental parameters were significant on the study sites but
not any one study site could be limited from the other three sites. pH value is a
major determination of the health of amphibian populations and the values were
different at several sites (Table 21 ). Spring salamanders were found in pH
ranging from as low as 4.2 to as high as 8.1 with no apparent preference.
Schlichter (1981) showed that low pH can cause reduced sperm mobility.
Dunson and Connell (1982) stated low pH can reduce or delay hatching. Pierce
et al. ( 1984) found low pH can also create developmental abnormalities. The
only abnormality observed was in Kittle headwaters, the stream with the lowest
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pH values. One larvae had one back leg twice the size of the other. All other
populations appear healthy at all pH ranges.
Earlier life history stages are more susceptible to the effects of low pH.
Desmognathus quadramaculatus (black-bellied salamander) and D. monticola
in pH values from 3.5-7.2 for 3 weeks in the lab (Roudebush 1988). All survived
but as the pH values dropped feeding behavior decreased indicating a reaction
to acid sensitivity. Rocky Run had the greatest fluctuation in pH at a range from
5.36-7.42. This could disturb pH sensitive salamander species.
As mentioned earlier, two sites (Kittle Headwaters and Birch Fork) had
significant differences in water temperature (Table 22). One reason why
temperatures may be different is a 530 foot elevation difference between the two
sites. Another reason is that Kittle Headwaters is fed directly by groundwater.
This could permit water temperatures to be influenced by warmer and colder
months. Different water temperatures could be a factor in salamander activity
and reproduction patterns but can not be determined on my study sites because
many other environmental factors are significantly different.
Salamander Abundance
There was only one recapture during my study. A low number of
recaptures could indicate a potentially high G. p. porphyriticus population. Based
on a mark-recapture study by Burton and Likens ( 1975) in New Hampshire there
are approximately 200 spring salamanders per 200m. Half of which are larvae
and the other half adults. Resetarits (1991, 1995) found larvae population
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densities of 5-10 larvae/m in some Virginia streams. On my study sites, G. p.
porphyriticus larvae were second in abundance to E. bis/ineata larvae.

There are many reasons why only one recapture was found. Especially in
the case of larvae, stream drift may be an important factor. Larvae can easily
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move or be moved by the stream current. Bruce (1986) showed that larvae from
higher concentrations in headwaters and feeder streams drift down to other
areas of the stream. This could also explain why Rocky Run has fewer larvae
since it is farthest from the headwaters and feeder streams compared to other
sites. Adults are harder to find because of their secretive burrows and
passageways in rocks and gravel of streams. Activity varies and frequently an
adult was captured trying to escape into a hole or other escape route. It may be
difficult to get an accurate mark recapture study for this species without at least
a couple years of data. Any major environmental factor could significantly
change an outcome in a one-year study.
Species diversity across all streams tends to be about the same although
species abundance is different. All sites except Rocky Run have both high
species diversity and abundance. This could be a result of favorable
environmental conditions for a large salamander population. Rocky Run had the
lowest species abundance. This stream is the deepest and had the greatest
fluctuation in pH. Environmental conditions are not as stable as the other three
study sites.
Rocky Run may have fewer G. p. porphyriticus because it is the deepest
and widest of the four study sites. When the first 25m and second 25m transects
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found that spring salamander activity is high at night, especially on rainy nights
(Burton and Likens 1975; Resetarits 1991, 1995). Fish, mice, and crayfish are
active at night and may be predators of salamanders. Salamanders may hide
from these potential predators and maybe more difficult to find in open habitats.
Resetarits ( 1991, 1995) noted that spring salamander activity greatly decreases
in the presence of trout. Rapid drop in temperature at night could also affect
actvity.
Night surveys were conducted once per month on each site. Therefore it
is hit or miss on whether or not conditions are right for salamander activity on
one particular day a month.

Flood
Salamander literature is not available on the effects of floods on
amphibians. However there is information on the effects of a flood on benthic
communities (Angradi 1997). Benthics are an important food source for spring
salamanders especially the larvae and therefore a flood could greatly reduce
abundance of benthics which could affect larval growth and survival.
Response of aquatic macroinvertebrates to a flood was examined in a
second order stream on the Fernow Experimental Forest in West Virginia
(Angradi 1997). Macroinvertebrate taxa decreased 70-95 percent after a
February flood. Response of stream communities to floods is hypothesized to be
part of a historic pattern of spatiotemporal heterogeneity in stream flow. Mass
amounts of sediments were transported, leaf biomass decreased, and abundant
bryophytes were completely scoured from rocks during the flood. Although

